Background: Chiari malformations type 1 (CM-1), a developmental anomaly of the posterior fossa, usually presents in adolescence or early adulthood. There are few studies on the national incidence of CM-1, taking into account outcomes based on concurrent diagnoses. To quantify trends in treatment and associated diagnoses, as retrospective review of the Kid's Inpatient Database (KID) from 2003-2012 was conducted.
Introduction
Named after Austrian pathologist Hans Chiari, the Chiari malformations (CM) are a variety of structural deformities of the lower skull and cerebellum that range in severity and incidence (1) . The most common and least serious variation of the Chiari syndrome is type 1. Chiari malformations type 1 (CM-1) patients aged 15 years and younger experience a 5 mm or greater displacement of the cerebellar tonsils below the foramen magnum, while patients over 15 years of age experience a 6 mm or greater displacement (2) (3) (4) (5) . These displacements typically give rise to brainstem and spinal cord compression and disrupted flow of cerebrospinal fluid (CSF) and are also thought to lead to reduced volume of the posterior fossa (3, 6, 7) . The etiology of CM remains uncertain; however, several theories have been put forth. For instance, it has been suggested that interrupted cranial development, especially in the hindbrain, results in these structural deformities (2, 4, 8, 9) . Another theory supposes that irregular circulation of CSF alters intracranial pressure and causes CM (2, 10) . The pressure on the brainstem and cerebellum, caused by fetal hydrocephalus, has also been suggested as a potential cause (4) . There is no consensus regarding the pathogenesis of the Chiari syndrome, as its etiology is still being researched.
While it is known that CM-1 is the most common variety of CM, the incidence of this medical condition is still relatively difficult to estimate. Studies on this matter typically report incidences of CM-1 that range from 0.56-1.00% (3, 5, 6, 11, 12) , making CM-1 a fairly uncommon condition. Symptoms typically do not present until the third decade of life (12) , and headaches are the most commonlyreported symptom amongst symptomatic CM-1 patients (2, 6, 11) . However, in many cases, CM-1 patients experience no symptoms at all and find any sort of therapeutic intervention unnecessary (12) .
For those CM-1 patients who do experience symptoms, there are both surgical and non-surgical treatment options. Initially, many patients undergo physical therapy or therapeutic injections to ease the burden of headaches (5) . However, if symptoms are severe or persistent, there are treatment paths that include surgical intervention. The most common surgical treatment for CM-1 patients is a posterior fossa decompression surgery with or without duraplasty (2, 4, 13) . There is currently no consensus on whether or not a duraplasty should be included in the treatment of CM-1 (8, 11) , although one recent study showed that the inclusion of a duraplasty is inconsequential and only raises the chances of complication (4).
In some cases, however, different surgeries that target the perceived cause of CM-1 may be preferred (2) . For instance, surgeons who believe disrupted CSF dynamics are the primary cause of CM-1 may seek to restore CSF flow through different types of shunt procedures (2, 4, 14) .
To date, completed studies on the Chiari syndrome have attempted to recommend an optimal treatment path for patients by studying the efficacy of various surgeries. These studies, however, primarily consider short-term postoperative conditions and fail to examine the preoperative and intraoperative conditions of CM-1 patients. Long-term clinical outcomes of CM-1 patients are also underreported and subsequently understudied (11) , and an evaluation of surgical CM-1 patients reveals that rates of symptom reoccurrence are as high as 35% (13) . The prevalence of symptom reoccurrence, paired with understudied aspects of CM-1 cases, illustrates a clear need for more expansive research on the intricacies of CM-1. The present study evaluates over 5,000 patients on the larger, perioperative scale, which not only enhances our understanding of longer-term trends of CM-1 cases, but also begins to fill the scientific community's need for more extensive and largerscale analyses of CM-1 patients.
Therefore, the aim of this study is to quantify trends in CM-1 diagnoses and treatments using the paediatricspecific Kids' Inpatient Database (KID) to assess fluctuations in diagnoses, treatment options, and outcomes of patients with CM-1.
Methods

Data source
The Kids' Inpatient Database (KID) is the United States' most expansive publicly-available all-payer pediatric (age <21 at admission) inpatient medical database. Created by the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project (HCUP), the KID includes information regarding complicated and uncomplicated births, as well as other inpatient procedures from community, non-rehabilitation hospitals. The KID database contains 107 data elements, using International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) format to code all diagnoses and procedures until 2015. With over 3 million hospital stays per 3-year database, the KID facilitates analyses of diagnostic and therapeutic incidences using HCUP-provided trend weights (15, 16) . A detailed synopsis of the KID can be found at (https://www.hcup-us.ahrq.gov/kidoverview.jsp).
Patient sample
Patients in the KID database with a diagnosis of CM-1 were found using the ICD-9 code 348.4. A sub-analysis compared CM-1 malformation patients who had undergone a spinal decompression procedure (ICD-9 code 03.09) to CM-1 patients without spinal decompression performed.
Statistical analysis
IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, USA) was used to perform all descriptive and comparative statistics. We quantified trends of CM-1 treatments and concurrent diagnoses in the United States. Trends in demographics, procedures, and complications were analyzed using analysis of variance (ANOVA). Differences between CM-1 patients who underwent spinal decompression surgery and CM-1 patients who had not were assessed using Chi-squared and t-tests that quantified correlations among demographics, CM-1 treatments, concurrent diagnoses, complications, and secondary diagnoses. P values that were less than 0.05 were considered statistically significant.
Results
CM-1 patient demographics and comorbidities
Five thousand four hundred and thirty-eight CM-1 patients were identified in the KID from 2003-2012. The prevalence of CM-1 diagnoses has increased from 2003 to 2012, from 45 to 96 per 100,000 (P<0.001). Fifty-four point six percent of these patients were female, and the average age of these CM-1 patients was 10.51±5.71 years. Overall, 10.9% patients accounted for infantile CM-1 cases, while 36.1% of patients and 47.0% of patients represented juvenile and adolescent CM-1 cases, respectively. Fifty-nine percent of all CM-1 primary patients were white. The average length of stay (LOS) for all CM-1 patients was 4.02±7.78 days, and the average Charlson comorbidity index (CCI) for all patients was 0.213±0.519. The breakdown of demographic results based on CM-1 patients who underwent spinal decompressions and those who did not can be found in Table 1 .
As a reference, the KID database as a whole contains 12,718,381 patients with an average age of 6.88 years (range, 0-20 years) and is 53.8% female. The most common diagnoses in the entire KID database are pneumonia, respiratory syncytial virus-induced bronchitis, asthma, and appendicitis. One point seven percent of patients in the KID database have a diagnosis of depression and 0.8% have a diagnosis of anxiety.
From 2003-2012, the average age of all CM-1 patients steadily increased (2003: 10.02±5.57 vs. 2012: 10.76±5.71, P=0.004) ( Table 2 ). The average CCI of all surgical patients also increased over time, from 0.16±0.46 in 2003 to 0.25±0.57 in 2012 (P<0.001) ( Table 2) . Over time, CM-1 patients, experienced a shorter average LOS, as the average LOS in 2003 was 4.12±2.84 days and in 2012 was 3.80±4.22 days (P=0.016) ( Table 2) .
Concurrent diagnoses in CM-1 patients
Overall, 53.9% of all CM-1 patients were diagnosed with a concurrent condition. The most common concurrent diagnoses of all CM-1 patients were syringomyelia (23.8%), scoliosis (11.5%), hydrocephalus (5.9%), and various functional digestive disorders (5.5%). The most common secondary diagnoses were syringomyelia/syringobulbia (18.7%), asthma (3.4%), obstructive hydrocephalus (3.3%), and idiopathic scoliosis (2.9%) ( Table 3) . Sixtythree point seven percent of patients who underwent spinal decompressions were diagnosed with a concurrent condition, while only 44.46% of patients who did not have a spinal decompression had concurrent diagnoses. The incidences of most concurrent conditions were largely the same for the two groups ( Table 3 ). However, both scoliosis (12.7% vs. 18.2%, P=0.024) and syringomyelia (27.6% vs. 32.3%, P<0.001) were more common in patients who underwent spinal decompression surgeries ( Table 3) .
CM-1 surgical treatment
Overall, 83.4% of all CM-1 patients in the KID database underwent surgical procedures ( Table 5 ). Overall, 4.8% of CM-1 patients experienced complications during their treatments for CM-1 ( Table 6 ). The most common complications were nervous system complications (1.4%), dysphagia (0.8%), respiratory and digestive complications (0.5%), and acute respiratory distress syndrome (ARDS) (0.5%) ( Table 6 ). The prevalence of complications was slightly higher in patients who underwent procedures other than spinal decompressions (spinal decompression: 4.7% vs. non-spinal decompression: 5.0%, P=0.547) ( Table 6 ). Patients who did not undergo spinal decompressions experienced infection more frequently (spinal decompression: 0.1% vs. non-spinal decompression: 0.3%, P=0.021) ( Table 6 ). The average in-hospital mortality rate across all CM-1 cases in the KID database was 0.61%, or 33 patients ( Table 9 ).
Complications of CM-1 patients
Discussion
CM-1 can negatively impact quality of life and induce problematic symptomatic responses that warrant surgical intervention. Despite this, the scientific community lacks a complete understanding of how a CM-1 patient's preoperative and intra-operative conditions correlate to postoperative outcomes. This study examined trends between patient outcomes and peri-operative conditions for 5,438 CM-1 pediatric patients using the KID. We found that the prevalence of CM-1 cases has approximately doubled from 2003-2012 (45 to 96 per 100,000, P<0.001). This increase in incidence is consistent with the recent findings from other studies (17) , and researchers are speculating that these increased diagnoses could be a result of progress in magnetic resonance imaging, the primary diagnostic tool for the Chiari syndrome (3, 6) .
Preoperative trends
Examination of the results related to preoperative data yields interesting conclusions about the evolving demographics of primary CM-1 patients. The present study showed that not only have the average age and CCI score of surgical CM-1 patients increased over time, but the average age of CCI score of all CM-1 patients (including those not undergoing surgery) also increased from 2003 to 2012. Despite this higher rate of comorbidities, CM-1 patients were staying for shorter periods of time in the hospital, which could potentially be the result of improved in-hospital care. The demographic variables measured in this study (CCI, LOS, age, race, and gender) had minimal association with whether or not patients underwent a spinal decompression. However, this study did show that patients in the spinal decompression cohort more frequently had concurrent diagnoses, especially scoliosis and syringomyelia.
Surgical trends
This study also revealed that overall surgery rates of CM-1 patients has increased by 4% from 2003 to 2012, which is a trend that mirrors the increase in CM-1 diagnoses from 2003 to 2012. These findings are consistent with those of other studies, such as the recent work of Wilkinson et al. (17) . Based on the findings of the present study, the increased rates of fusions and spinal decompression procedures have influenced the overall surgery rate most notably despite the decreased rates of cranial decompressions.
Postoperative trends
Despite the net increase in surgeries for CM-1 patients, there was a decrease in complication rates over time for the same cohort. This finding was unexpected and could also be linked to improved in-hospital conditions. However, from 2003 to 2012, there was an overall increase in the dural tear rate. Specifically, dural tear rates were more common in patients who had undergone spinal decompressions. When patients who had undergone spinal decompressions were compared more extensively to those who had not, we found that the complication rates between both cohorts were similar-with the non-spinal decompression group experiencing complications slightly more often, but that the non-spinal decompression cohort had a statistically significant higher mortality rate.
Limitations
We understand that there are several limitations in our study, all of which are primarily a result of the restrictions of the KID. For instance, the KID only includes inpatient data, which limits our access to information that could indicate long-term outcomes, such as radiographic images or other clinical data. Access to longer-term patient information may have influenced our analysis of complications that occurred after patient discharge. Furthermore, the KID does not include any sort of radiographic imaging, which potentially limits our understanding of the severity of certain cases. Similarly, the KID does not have the granularity to convey nuances of certain cases and details of procedures, such as surgical instruments used. In spite of these limitations, this study is the only of its kind that evaluates the trends of CM-1 cases on a perioperative scale from 2003 to 2012.
Conclusions
CM-1 diagnoses have increased from 2003 to 2012. This study showed that the average age and CCI of CM-1 patients entered into the KID have increased from 2003 to 2012 and that the average LOS has decreased during that time. Rates of surgical intervention of any kind for the treatment of CM-1 have also increased during this time. However, cranial decompression rates have decreased, as the rates of fusions and spinal decompressions have increased. Complication rates have decreased overall for all primary CM-1 patients, but dural tears have become increasingly common in the KID database from 2003 to 2012.
